Introduction {#section5-1756287220940870}
============

As a common malignant tumor, bladder cancer can be diagnosed in asymptomatic patients when systematic cystoscopies are performed often (i.e. surveillance of non-muscle invasive bladder cancer). Although its incidence and mortality rates are both lower than those of prostate cancer, it is one of the most expensive cancers to treat.^[@bibr1-1756287220940870][@bibr2-1756287220940870]--[@bibr3-1756287220940870]^ According to 2018 global cancer statistics, bladder cancer is the 10th most common cancer worldwide, with approximately 549,000 new cases and 200,000 deaths reported annually. It is more common among males than females, with a fourfold higher incidence in males, worldwide.^[@bibr4-1756287220940870]^ The incidence and mortality rates of bladder cancer have remained the same for many years, and there has been no significant increase in the 5-year survival rate. Among the possible etiological causes, smoking is the most important risk factor for bladder cancer other than occupational exposure to chemical dyes and water pollutants.^[@bibr4-1756287220940870]^ Long-term exposure to outdoor air pollution is also positively correlated with an increased risk of bladder cancer incidence and death.^[@bibr5-1756287220940870],[@bibr6-1756287220940870]^ Bladder cancer is the fourth most deadly cancer, ranking only after pancreatic cancer, lung cancer, and liver cancer.^[@bibr7-1756287220940870]^ In a survey of more than 40,000 cancer patients, among all cancers of the urinary system, bladder cancer is associated with the lowest satisfaction in treatment and care.^[@bibr8-1756287220940870]^ Therefore, the physical and psychological care and study of bladder cancer patients during their treatment and care are very important.

Most studies have shown that melatonin, which is produced by the pineal gland, has many benefits. For example, it acts as an 'antioxidant' that inhibits certain cancer cells, boosts immune function, improves depression, helps induce sleep, and regulates sleep disorders caused by shift work or jet lag.^[@bibr1-1756287220940870],[@bibr9-1756287220940870][@bibr10-1756287220940870]--[@bibr11-1756287220940870]^ The main metabolite of urinary melatonin is 6-sulfatoxymelatonin,^[@bibr12-1756287220940870]^ which is closely associated with levels measured among patients with endocrine-related cancers. Decreased melatonin secretion at night may lead to decreased immunity and poor sleep quality.^[@bibr12-1756287220940870],[@bibr13-1756287220940870]^ Moreover, a lower level of melatonin tends to increase the risk of breast or endometrial cancer.^[@bibr14-1756287220940870]^ A recent study reported that melatonin significantly suppressed the proliferation and signal transduction of bladder cancer cells, and decreased tumor growth and metastasis *in vivo*, thus potentially being beneficial to bladder cancer patients.^[@bibr1-1756287220940870]^

Sleep is a natural and recurring biological phenomenon that can meet the physiological and psychological needs of humans. However, a few hours of sleep or a high frequency of sleep disruptions can result in severe sleep disorders.^[@bibr15-1756287220940870]^ Through proactive treatment, emotional dysfunction, and reduced activity and social function caused by physiological pain and burden can be alleviated for bladder cancer patients.^[@bibr16-1756287220940870]^ Hence, medical and nursing staff should not ignore these factors that need paying close attention to.

Suffering from illness is an adversity in life, and ill patients will have physical and mental distress symptoms. Having good resilience and exhibiting positive psychological adaptability in adversity is helpful for maintaining or restoring mental health and improving quality of life.^[@bibr17-1756287220940870],[@bibr18-1756287220940870]^ Therefore, the purpose of treatment is not simply to alleviate physical and mental symptoms, but prevent recurrence or metastasis. Improved life resilience and enhanced sleep quality after cancer diagnosis and treatment have been regarded as important prognostic management indicators which can help to guide disease treatment and care. Therefore, the purpose of this study was to compare the quality of sleep before and after transurethral resection of bladder tumor (TURBT) of bladder cancer patients.

Methods {#section6-1756287220940870}
=======

Study design and data collection {#section7-1756287220940870}
--------------------------------

This study follows a controlled before-and-after research design. To understand changes in the urinary melatonin concentration, life resilience, and sleep quality in bladder cancer patients before and 3 months after treatment, data were collected on two separate occasions. The first round of data collection was conducted when the patients were initially diagnosed and admitted for treatment; the second data collection was performed at the follow-up visit, 3 months after treatment. The data collected included demographic data, disease characteristics, biochemical test data, the severity of physical symptoms, urinalysis before treatment, and questionnaires concerning life resilience and sleep quality. The contents of the second data collection were similar to those of the first round except the treatment method was added.

Study site and participants {#section8-1756287220940870}
---------------------------

Residents living in the southwestern coastal region of Taiwan had long consumed groundwater with a high arsenic concentration. Therefore, we chose to carry out the current study in the urology unit of a regional hospital in southwest Taiwan. The inclusion criteria included the following: (a) patients who were older than 20 years of age; (b) patients who were initially diagnosed with bladder cancer and were aware of their condition; and (c) patients who demonstrated a clear mental status and were able to communicate verbally. Data from a total of 67 patients were collected, of whom only 23 completed the two questionnaires before and after treatment, as well as the urinalysis. Finally, the data from the 23 patients were analyzed, and the number of valid cases accounted for 34.3%.

Research instrument {#section9-1756287220940870}
-------------------

The measurement tools used in this study included questionnaires and laboratory determination of the urinary melatonin concentration. The questionnaire survey included basic demographic data, disease characteristics, the Chinese version of the Life Resilience Index, and the Pittsburgh Sleep Quality Index (PSQI-Chinese version). The Chinese version of the Life Resilience Index contains 29 items with a 7-point Likert scale. The higher the total score is, the better the resilience.

The PSQI was used as the basis for sleep quality assessment. There were a total of 19 questions composed of seven factors, namely, sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medications, and daytime dysfunction. The global scores range from 0 to 21; a score of 5 was used as the cut-off point, with a PSQI ⩽5 indicating good sleep quality.^[@bibr19-1756287220940870]^

Regarding melatonin concentration determination, 30 ml urine samples from each patient before and after treatment were collected and freeze-stored at −20°C. The measurement of 6-sulfatoxymelatonin in urine samples was carried out using a melatonin-sulfate urine enzyme-linked immunosorbent assay (ELISA) kit. The urine sample was thawed, and 1 ml of the sample was pipetted and transferred to a centrifuge tube (Eppendorf). After centrifugation at 3000 rpm for 10 min, the supernatant was removed and repacked for later use. Laboratory assay steps were performed with the IBL International GmbH® melatonin-sulfate urine ELISA Kit (RE54031) in accordance with the manufacturer's instructions (<https://www.ibl-international.com/en/>). The procedures employed are described briefly as: a 10 µl urine sample (control, patient's, or standard) was diluted 50× with a trisaminomethane buffer and pipetted into microtiter plate wells. To each well, freshly prepared enzyme-conjugated melatonin and a melatonin-sulfate antiserum (50 µl each) were added. The plate was incubated at room temperature (r.t.) for 2 hrs. The solution was then discarded, and the plate washed four times with 250 µl of a diluted wash buffer. TMB substrate solution (100 µl) was added to each well and the plate incubated at room temperature for 30 min at r.t., followed by 100 µl of a TMB stop solution. The optical density was measured at 450 nm in a photometer. Detailed protocol could be found from the vendor's website.

Data analyses {#section10-1756287220940870}
-------------

The SPSS 22.0 software package (IBM, USA) was used for data archiving and analysis. The descriptive statistics included the count, percent, frequency, mean, standard deviation (SD), and median. It was not suitable to use the central limit theorem because the sample size was less than 30. Instead, inferential statistics were analyzed using the nonparametric Wilcoxon signed-rank test. Statistical significance was considered when *p* \< 0.05.

Results {#section11-1756287220940870}
=======

The results showed that among the 23 patients, there were 15 males (65%) and 8 females (35%) aged 39--83 years, with an average age of 66 years. Among them, there were only 4 patients (17.4%) aged 39--60 years and 19 patients (82.6%) aged 61--83 years. The average sleep time was 6.63 h (SD = 1.67) before treatment and 6.87 h (SD = 1.51) after treatment, and the difference was not statistically significant ([Table 1](#table1-1756287220940870){ref-type="table"}). Analysis of the categorical variables of sleep quality revealed that within 1 month prior to treatment, 34.8% of patients were unable to fall asleep within 30 min more than three times, whereas after treatment, only 17.4% were unable to fall asleep within 30 min more than three times. A total of 62% of the patients reported waking up at night or in the early morning more than three times per month, of which 82.6% woke before treatment and only 4.3% woke after treatment.

###### 

Characteristics and variables of the study patients (*n* = 23).

![](10.1177_1756287220940870-table1)

  Characteristics   *n*                       Frequency (%)   Variables               Mean     SD
  ----------------- ------------------------- --------------- ----------------------- -------- --------
  Sex               Average sleep time                                                         
   Male             15                        65.2            Pre-treatment           6.63     1.67
   Female           8                         34.8            Post-treatment          6.87     1.51
  Age (years)       PSQI Score                                                                 
   39--60           4                         17.4            Pre-treatment           7.348    4.029
   61--83           19                        82.6            Post-treatment          6.435    3.300
  Smoking status    Melatonin concentration                                                    
   Yes              8                         34.8            Pre-treatment           12.196   20.826
   No               15                        65.2            Post-treatment          16.323   23.367
                                                              Life Resilience Index            
                                                              Pre-treatment           5.312    0.859
                                                              Post-treatment          5.228    0.872

PSQI, Pittsburgh Sleep Quality Index; SD, standard deviation.

A global PSQI score ⩽5 indicates good sleep quality. Among the 23 bladder cancer patients in this study, the mean PSQI score before treatment was 7.348 (SD = 4.029), with a median score of 7 points. Among these patients, 10 (43.5%) had a PSQI ⩽5. After treatment, the mean PSQI score was 6.435 (SD = 3.300), with a median score of 6 points. Among these patients, 11 (47.8%) had a PSQI ⩽5. The results from the Wilcoxon signed-rank test revealed 14 negative ranks, 7 positive ranks, and 2 ties in the PSQI post-test minus pretest, indicating that 14 post-test data scores were less than those of the pretest, 7 were greater than those of the pretest, and 2 were the same before and after the test. There was a significant difference in the median pretest and post-test values (*Z* = --2.071, *p* = 0.038), and the PSQI score was significantly decreased in patients with bladder cancer after treatment ([Table 2](#table2-1756287220940870){ref-type="table"}).

###### 

The outcome of Wilcoxon signed-rank test.

![](10.1177_1756287220940870-table2)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Outcome variable        Ranks      *n*                                                         Mean rank   Sum of ranks   *Z* score                                                         *p* value
  ----------------------- ---------- ----------------------------------------------------------- ----------- -------------- ----------------------------------------------------------------- -----------
  PSQI_post\              Negative   14^[a](#table-fn2-1756287220940870){ref-type="table-fn"}^   12.43       174.00         −2.071^[\*](#table-fn11-1756287220940870){ref-type="table-fn"}^   0.038
  PSQI_pre                                                                                                                                                                                    

                          Positive   7^[b](#table-fn3-1756287220940870){ref-type="table-fn"}^    8.14        57.00                                                                            

                          Ties       2^[c](#table-fn4-1756287220940870){ref-type="table-fn"}^                                                                                                 

                          Total      23                                                                                                                                                       

  Melatonin_post\         Negative   7^[d](#table-fn5-1756287220940870){ref-type="table-fn"}^    9.29        65.00          −2.220^[\*](#table-fn11-1756287220940870){ref-type="table-fn"}^   0.026
  Melatonin_pre                                                                                                                                                                               

                          Positive   16^[e](#table-fn6-1756287220940870){ref-type="table-fn"}^   13.19       211.00                                                                           

                          Ties       0^[f](#table-fn7-1756287220940870){ref-type="table-fn"}^                                                                                                 

                          Total      23                                                                                                                                                       

  Life resilience_post\   Negative   12^[g](#table-fn8-1756287220940870){ref-type="table-fn"}^   10.63       127.50         −0.418                                                            0.676
  Life resilience_pre                                                                                                                                                                         

                          Positive   9^[h](#table-fn9-1756287220940870){ref-type="table-fn"}^    11.50       103.50                                                                           

                          Ties       2^[i](#table-fn10-1756287220940870){ref-type="table-fn"}^                                                                                                

                          Total      23                                                                                                                                                       
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PSQI_post \< PSQI\_ pre.

PSQI_post \> PSQI_pre.

PSQI_post = PSQI_pre.

Melatonin_post \< melatonin_pre.

Melatonin_post \> melatonin_pre.

Melatonin_post = melatonin_pre.

Life resilience_post \< life resilience_pre.

Life resilience_post \> life resilience_pre.

Life resilience_post = life resilience_pre.

*p* \< 0.05.

PSQI, Pittsburgh Sleep Quality Index.

Regarding the urinary melatonin concentration, the *Z* score of −2.220 (*p* = 0.026) from the Wilcoxon signed-rank test was statistically significant, indicating a significant difference in median values between the pretest and post-test. Subtracting the post-test urinary melatonin concentration from the pretest urinary melatonin concentration yielded 7 negative ranks and 16 positive ranks, indicating that 16 of the post-test scores were greater than those of the pretest, and seven were less than those of the pretest. The post-test urinary melatonin concentration was significantly higher than that of the pretest; that is, the urinary melatonin concentration of patients with bladder cancer increased significantly after treatment, and the result was statistically significant ([Table 2](#table2-1756287220940870){ref-type="table"}).

[Figure 1](#fig1-1756287220940870){ref-type="fig"} shows the difference in the mean values of melatonin concentration and PSQI score before and after treatment in 23 bladder cancer patients, and the trend of improvement. The overall melatonin concentration significantly increased after treatment (*p* \< 0.05), showing a clear improving trend. The global PSQI score significantly decreased after treatment (*p* \< 0.05). The overall sleep quality showed a trend of gradual improvement.

![Scatter plots with trendlines showing the pre-/post-difference of PSQI score and melatonin concentration after treatment.](10.1177_1756287220940870-fig1){#fig1-1756287220940870}

The life resilience data analysis was conducted according to the seven subscales of the original scale. First, in accordance with the description of questionnaire item conversion and scoring, exploratory factor analysis (EFA) was used to test the sub-construct validity of the scale. In this study, the Kaiser--Meyer--Olkin value of the life resilience scale was 0.652 (degrees of freedom = 105, *p* \< 0.001). After the analysis, only 15 items remained, and four dimensions were obtained: 'family resources,' 'future organizational style,' 'personal strength,' and 'social skills.' The explanatory variances were 24.940%, 21.917%, 19.033%, and 11.706%, respectively, and the cumulative explanatory variance was 77.596%. The overall reliability of the 15 items was a Cronbach's α of 0.879, and the Cronbach's α of the 4 dimensions was 0.858, 0.873, 0.800, and 0.699, respectively. The *Z* score was −0.418 (*p* = 0.676), indicating no significant difference in the median pretest and post-test values ([Table 2](#table2-1756287220940870){ref-type="table"}).

Next, the composition results of the four dimensions were examined. The mean value of the overall life resilience of the subjects was 5.301 (SD = 0.915) and 5.333 (SD = 0.722) before and after treatment, respectively, the mean value of 'family resources' was 5.269 (SD = 1.366) and 5.365 (SD = 1.004), respectively, the mean value of 'future organizational style' was 4.913 (SD = 1.291) and 4.956 (SD = 0.897), respectively, the mean value of 'personal strength' was 5.478 (SD = 1.158) and 5.434 (SD = 1.147), respectively, and the mean value of 'social skills' was 5.695 (SD = 0.958) and 5.681 (SD = 0.825), respectively. The results showed that among the four dimensions evaluated before and after treatment, 'social skills' scored the highest, whereas 'future organizational style' scored the lowest. Among these four dimensions, the score for 'family resources' improved the most. A comparison of the overall life resilience and individual factors before and after the test did not show a statistically significant difference (*p* \> 0.05), indicating no significant change in the life resilience of individual subjects before and after treatment.

Discussion {#section12-1756287220940870}
==========

According to the 2018 global cancer statistics report, the incidence of bladder cancer in males is approximately four times higher than that in females.^[@bibr4-1756287220940870]^ Among the 67 initially examined patients in this study, the ratio of male-to-female patients was 10:3, which was slightly different from that of the global statistics. According to the 2016 Taiwan official cancer registry annual report, the incidence of bladder cancer increases annually. The ranking of the male cancer rate rose from 10th in the previous year to 9th in the current year. The ratio of male-to-female patients was approximately 3:1, which is comparable with that found in this study.^[@bibr20-1756287220940870]^

Melatonin plays an important role in the 24 h circadian rhythm of the human sleep--wake cycle, and it also has a protective effect on the human body and is key in facilitating falling and remaining asleep. Studies have shown that melatonin secretion is higher at night and has reduced release as daylight exposure increases. Its secretion at night has an inhibitory effect on sleep disorders.^[@bibr13-1756287220940870]^ Reduced melatonin secretion is associated with the formation of tumor cells.^[@bibr13-1756287220940870]^ It has been demonstrated in the literature that melatonin is a strong antioxidant that eliminates free radicals from the body, significantly inhibits the proliferation of bladder and prostate cancer cells, and induces the apoptosis of cancer cells, thereby playing an important role in the prevention and treatment of cancer progression.^[@bibr1-1756287220940870],[@bibr21-1756287220940870]^ From measuring the levels of 6-sulfatoxymelatonin in the nocturnal urine of women with breast cancer, it was determined that women with low levels of 6-sulfatoxymelatonin had an increased risk of breast cancer, as these levels and breast cancer showed a statistically significant negative correlation.^[@bibr12-1756287220940870]^ In this study, the melatonin concentration of three patients after treatment was still lower than the mean value of the same age group, possibly because the urine samples were collected in the daytime, and it was difficult to achieve consistency. Nevertheless, there were still 20 patients who had a melatonin level higher than the mean value of their age group, showing that after treatment, the melatonin level not only increased but was also higher than the mean value of the same age group, reflecting better sleep quality. Similar to those reported in the literature, these results showed that an elevated melatonin concentration improves mood, effectively regulates the sleep disruption rhythm, and gradually restores good sleep quality.

Patients with bladder cancer, due to disease characteristics or organ functions affected by cancer cell invasion, may develop nocturia due to reduced urine output, which can easily lead to sleep disorders.^[@bibr16-1756287220940870]^ Research has shown that disrupted sleep rhythms can lead to the development of cancer and increase the risk of cancer, and that people who do not have sufficient or quality sleep are more likely to develop depression in the future, affecting their health and quality of life.^[@bibr22-1756287220940870]^ A study on bladder problems affecting sleep quality at night showed that the reasons more than half of the patients complained of sleeping for 6 h or fewer were mostly bladder symptoms such as bladder pain, urinary urgency, or the need to go to the toilet, resulting in poor quality of life (*p* \< 0.001).^[@bibr23-1756287220940870]^ The research revealed a strong link to the symptoms of depression or anxiety, exerting a considerable influence on mental health. Therefore, there is an urgent need for healthcare personnel to provide related diagnosis and treatment, as well as prognostic management and services to reduce sleep disorders in cancer survivors.^[@bibr24-1756287220940870]^

The average sleep time of the patients in this study was approximately 6.87 h after treatment. Although most of the patients also claimed to have good sleep quality, a detailed analysis of the data showed that 34.8% of the patients did not fall asleep within 30 min, more than three times in the month before treatment, while only 17.4% remained affected after treatment, representing a 50% improvement. Usually, the sleep disruption frequency increases as one grows older or is under the influence of severe disease, leading to a decline in the total sleep hours and the deep-sleep period. Because the average age of the patients in this study was 66 years, the results showed that after treatment, the sleep disruption frequency was reduced, which was possibly attributed to the gradual recovery of body functions after treatment and the reduction in factors that interfere with disease symptoms. Generally, night sleep disruption is considered an important factor affecting sleep quality and melatonin secretion. However, the daily life of bladder cancer patients, due to the symptoms of bladder problems caused by the disease, may perhaps be more affected than that of normal people. Melatonin secretion increases significantly after treatment. The overall trend lines of the PSQI and urinary melatonin showed a linear upward trend, making the long-term improvement effect of sleep quality worth further investigation. Therefore, in terms of care, it is necessary to address the disease as soon as possible based on the symptoms of each individual case to help the patient have better quality sleep.

Resilience refers to the ability of an individual to have certain traits or behaviors that protect them from stress or frustration due to personal or environmental interactions, allowing the individual to regain self-control and develop coping strategies for health.^[@bibr25-1756287220940870]^ In addition to alleviating the adverse reactions caused by the disease, patients with good life resilience can also develop positive adaptive energy and adjust their life patterns to cope with the impacts of physiological, psychological, and social factors, thus improving their quality of life.^[@bibr18-1756287220940870],[@bibr26-1756287220940870]^ Changes or increases in resilience, depending on the result of the interaction between individuals and the environment, are only a reflection of successful adaptation under stressful situations.^[@bibr27-1756287220940870]^ According to the sub-outcome of this study, the resilience of social ability is the strongest among the four dimensions, showing that the social function of an individual allows good interpersonal interactions and the active use of resources and indeed, reflects the relationship between personality traits and stress-coping attitudes.

According to the socio-emotional selectivity theory, with increasing age, human emotional regulation changes, in that it is gradually realized that human life is finite; therefore, attention to things is converted to positive thinking and behavioral patterns, the pursuit of a meaningful life is increasingly emphasized emotionally, and the more cognitive and behavioral resources are invested in, yield greater happiness.^[@bibr28-1756287220940870]^ The age range of the subjects who participated in this study was quite wide; the physical stress, mental stress and adjustment ability of the subjects when facing the impact of disease and daily life vary with age, and the degree of damage to their physical and mental health differs as well. Compared with younger subjects, older subjects have high emotional stability and good emotion regulation skills. Under stressful situations, their moods and emotional responses are slow and do not fluctuate considerably; therefore, they are comfortable in accepting several changes and adversities. In this study, patients above the age of 60 years accounted for 82.6% of the total population, which perhaps explains why the results on life resilience failed to show a statistically significant difference.

Additionally, according to the 2016 cancer treatment and survivorship statistics reported by the American Cancer Society, the 5-year survival rate of bladder cancer patients of all stages was 77%, and the 10-year and 15-year survival rates were reduced to 70% and 65%, respectively.^[@bibr29-1756287220940870]^ Thus, the negative psychological responses, adverse effects and stress that bladder cancer patients face are not very strong, which may also explain why there was no significant difference in life resilience in this study.

The results of this study showed that overall life resilience nearly averages on the scale, possibly because follow up was carried out for only 3 months after treatment. However, the improvement in resilience within a short period is still quite limited. If the medical and nursing staff can make good use of the emotional advantages of the elderly and provide physical and mental interventions and support as early as possible, they will effectively assist the patients in improving their positive energy to survive cancer and treatment.

Although literature suggests that urinary melatonin secretion is higher at night than during the day, it is difficult to carry out urine sampling at night because patients have to co-operate with physicians' diagnosis and treatment time. For this reason, urine samples were collected during daytime both before and after treatment, thus the measured 6-sulfatoxymelatonin levels were lower than those at night. Nevertheless, the results of this study showed a statistically significant increase in urinary melatonin concentration after treatment. Future studies can be geared in the direction of night urine collection to further confirm the observation.

Conclusion {#section13-1756287220940870}
==========

In this study, using urinary melatonin as a physiological indicator as well as a questionnaire, we monitored and compared the improvement in sleep quality and life resilience of bladder cancer patients before and after treatment. Although the number of patients in this study was small, the data collected thus far showed that the number of male patients with bladder cancer was higher than that of female patients, the overall melatonin concentration significantly increased after treatment, and sleep quality also significantly improved. In terms of life resilience, 'family resources' is the strongest factor for resilience, indicating that patients rely on family resources during recovery. If patients can obtain more satisfaction from family support, they will have better resilience, which could be an important reference for medical and nursing care.
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